This work reports on a rapid method for determination of total sulfhydryl groups in raw and heated milks using 5,5'-dithio-bis(2-nitrobenzoic acid). The reaction medium is clarified after the chemical reaction by addition of a dissolving agent; thus, the spectrophotometric measurements are performed directly in milk without other sample treatment. This protocol correlated well with amperometric titrations (r = .994).
INTRODUCTION
Changes in milk proteins induced by heat treatment depend on the severity of the treatment and the technological conditions (1, 7, 18) . The most important changes are a decrease in whey protein solubility, a decrease in stability of casein micelles, and modifications of organoleptic properties (especially appearance of cooked flavor). Many authors (11, 12, 13, 20) have reported on the amounts of sulfhydryl groups (SH) and disulfide groups in milks heated differently or on free or total SH evolution during storage (4, 5, 19) . The results reported in the literature were not always in agreement because experimental conditions were often different.
At present, the commonly used SH methods are derived from Ellman's procedure (10, 14) or are potentiometric or amperometric titrations (9). Ellman's procedure cannot be easily applied for routine measurements in milk, and other procedures need a sophisticated apparatus. Thus, incorporation of a clarification step of the medium to minimize sample pretreatment in spectrometric measurements, as was used by Humbert et al. (8) , is advantageous.
This paper reports on improvements in Ellman's procedure that permit rapid and quantitative determination of total SH amounts in raw and heated milks by using Clarifying Reagent®, patented by Linden et al. (15) . Results on individual raw milks or on heated commercial milks are also presented.
MATERIALS AND METHODS

Reagents and Samples
The reagent, 5,5'-dithio-bis(2-nitrobenzoic acid) (DTNB), was from Sigma Chemical Co. (St. Louis, MO). Clarifying Reagent® was obtained from Prolabo (Paris, France). Other analytical grade reagents were from Merck (Darmstadt, Germany).
Raw milks from individual cows were collected at the farm; pasteurized milks, UHT milks, and in-bottle sterilized milks were commercial samples.
Apparatus
Absorbance measurements were performed on a Shimadzu M.P.S. 2000 spectrophotometer (Roucaire, Paris, France).
Determination of Total SH and Milk Fat Content
In mildly basic solution and in the presence of urea, DTNB is reduced by total SH to form yellow 2-nitro-5-mercaptobenzoic acid. We have modified the procedure used by Koka et al. (14) , Kalab (10) , and Beveridge et al. (2) and avoided preliminary precipitation and filtration by using Clarifying Reagent®.
The final procedure was compared with the amperometric method developed by Hutton and Patton (9) . The SH of raw and heated commercial milks were titrated by this protocol. Twenty-one milliliters of a solution containing 1.25 g of ammonium nitrate and .6 ml of concentrated ammonia were placed in a beaker. Nitrogen was bubbled through the solution for 2 or 3 min before 5 ml of the milk sample and 25 ml of 95% ethanol were added; SH were titrated by 10-3 M silver nitrate solution at a rotating platinum electrode against a reference electrode.
Milk fat content was determined by the usual butyrometric method.
Preparation of DTNB Solution
The DTNB (20 mg) was dissolved in 5 ml of .2 M EDTA previously adjusted to pH 6 with IN sodium hydroxide. This procedure prevented its chemical hydrolysis, and the presence of EDTA in the medium minimized thiol oxidation (22) .
Choice of Buffer and Reaction pH
Urea can be dissolved in carbonate or borate buffers because those buffers allow well-clarified dairy products (6) . The pH of the chemical reaction and the pH measured after clarification were very important. The pH had to be set between 7 and 9 to obtain rapid color development without chemical hydrolysis of DTNB. After some preliminary assays, 8 M urea-buffered solution was prepared; urea was dissolved in .03 M sodium tetraborate, and the pH of this solution was adjusted to 8.5 with .1 M boric acid.
Choice of Wavelength
The nitromercaptobenzoic acid anion released during the reaction with SH strongly absorbed at 412 nm (3). We had verified that the maximum absorbance of the reaction product was at the same wavelength in transparent, modified milks. As in many of the usual procedures, the color development was maximal at room temperature (around 20°C) after 3 to 5 min of reaction. The weak absorbance of clarified products (8) did not disturb the SH measurements; they could be made at 412 nm, as reported in the literature (2, 21) .
Effects of Clarifying Reagent®
Clarifying Reagent® had an apparent pH of 13 and weak buffering capacity. Clarifying Reagent® was added at the end of the chemical reaction, when the 2-nitro-5-mercaptobenzoate had appeared. Addition of Clarifying Reagent® to the reaction mixture increased pH; consequently, DTNB decomposition was rapid. Kalab (10) and Ellman (3) described this phenomenon when the pH was 9. These problems were avoided by the addition of an EDTA solution to fix the final pH between pH 8.5 and 8.8, to improve the sample clarification (17) , and to inhibit thiol oxidation (22) . Best results were obtained with .5 ml of .2 M EDTA solution adjusted to pH 6. After clarification of samples (3 to 5 min at 37°C), the absorbance remained constant for 20 min at room temperature.
Proposed Protocol
Samples consisted of .5 ml of milk (raw or heated) diluted 1:1 (vol/vol) with distilled water, if necessary. To .5 ml of sample, 1 ml of 8 M urea-buffered solution (.03 M borate buffer adjusted to pH 8.5 with boric acid) and 50 Al of DTNB solution (4 mg/ml of .2 M EDTA pH 6 solution) were added. The mixture was shaken gently and kept for 3 to 5 min at room temperature. Then .5 ml of .2 M EDTA solution, at pH 6, and 2 ml of Clarifying Reagent® were added; the solution was shaken vigorously, and the tubes were placed at 37°C for 3 to 5 min.
Absorbance (As) of the transparent modified mixture at 412 nm (within 20 min) was read against a blank tube containing all reagents except milk. Another blank sample (BM) that contained all reagents except DTNB was prepared to verify that milk clarification was good and to subtract its very small absorbance read against solution containing all reagents except milk and DTNB (which must always be below .12 at absorbance of 412 nm). The final absorbance (AF) used for the calculations is given by AF = As -ABM.
The SH amounts of the samples were calculated from cysteine hydrochloride standard curve (0 to 10-7 M per assay). Cysteine was dissolved in water, and the same procedure was followed as for the samples.
RESULTS AND DISCUSSION
Critical Analysis of Proposed Method
The proposed procedure, applied to a whole raw milk, gave a mean of 1.89 tM SH/g of nonfat dry solids and a coefficient of variation of 3.2%, which are considered to be satisfactory and to satisfy the requirements for routine dairy laboratory analysis. The analysis of 10 samples with a standard curve required min.
This method was correlated with the amperometric titration. Although the results obtained herein were slightly smaller, correlation was .994(Y = .833X + .021) for SH measurements in 15 different milks.
Applications
The proposed method was used to analyze individual raw whole milks. Table 1 shows that SH amounts were greater in winter (February) than in spring (April) or summer (July). This result confirmed the observations of Baldwin and Ackland (1) on fresh skim milk powders. Individual raw milks had different values of total SH, as also noted by Lyster (16). In order to eliminate the influence of fat on SH amounts, all results are expressed in micromoles of SH per gram of nonfat dry solids even when whole or half-skim milks were analyzed.
Heat treatments (pasteurization, UHT, and in-bottle sterilization) decreased values of SH compared with those of raw milk (Table 2) . Our results and those of the literature are in general agreement, but our mean values seem to be smaller than those of some investigators (2, 20) . However, the season at which studies were conducted and the age of milks were not always specified. Moreover, heat treatment conditions and analytical methods were different.
CONCLUSIONS
The proposed method is very simple, rapid, and easily applied in routine measurements and allows distinguishing any kind of commercial heated milks if used in conjunction with another method that is able to detect Maillard reaction products. At present, this classifying protocol is being validated.
